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COMBINATION THERAPY 



The present invention relates to a method for the production of an antiaugiogenic 
and/or vascular permeability reducing effect in a warm-blooded animal such as ahuman, 
5 which is optionally being treated with ionising radiation, particularly a method for the 

treatment of a cancer, particularly a cancer involving a solid tumour, winch comprises one of; 
the administration of ZD6474 in combination with 5-KU; the adnrinistration of ZD6474 in 
combination with CPT-11; and the administration of ZDS474 in combination with 5-FU and 
CPT-1 1; to a pharmacBulical composition comprising one of: ZD6474 and 5-FU; ZD6474 and 
1 0 CPT-1 1; and ZD6474 and 5-FU and CPT-11; to a combination product comprising one of; 
ZD6474 and 5-FU; ZD6474 and CPT-1 1; and ZD6474 and 5-FU and CPT-11, for use in a 
method of treatment of a human or animal body by therapy; to a kit comprising one of: 
ZD6474 and 5-FU; ZD6474 and CPT-1 1; and ZD6474 and 5-FU and CPT-11; to the use of 
one of: ZD6474 and 5-FU; ZD 6474 and CPT-1 1 ; and ZD6474 and 5-FU and CPT-1 1 , in me 
1 5 manufacture of a medicament for use in the production of an autiaugiogemc and/or vascular 
permeability reducing effect in a warm-blooded animal such as a human which is optionally 
being treated with ionising radiation. 

Normal angiogeaesis plays an important role in a variety of processes including 
embryonic development, wound healing and several components of female reproductive 
20 function. Undesirable or pathological angiogeneas has been associated with disease state 
including diabetic retinopathy, psoriasis, cancer, meumatoid arthritis, atheroma. Kaposi's 
sarcoma andhaemangioma(Fan et d. 1995, Trends Pharmacol. Sd. 16: 57-46; Folkmaa, 1995, 
Nature Medicine 1 : 27-3 1). Alteration of vascular permeability is thought jo play arole in both 
normal and pathological physiological processes (Cullinan-Bove et at, 1993, Endocrinology 
25 133: 829-837; Senger et al, 1993, Cancer and Metastasis Reviews, 12: 303-324). Several 
polypeptides with in vitro endothelial cell growth promoting activity have been identified 
mcludmg, acidic and basic fibroblast growth factors (aFCT & bFGF) and vascular endothelial 
growth factor (VEGF). By virtue of the restricted expression of its receptors, the growth factor 
activity of VEGF, in contrast to that of the FGFs, is relatively specific towards endothelial 
30 cells. Recent evidence indicates that'vEGF is an important stimulator of both normal and 
---patiwlogical-angiog^ ^ 
1995, Breast Cancer Research and Treatment, 36:139-155) and vascular peimeability 
(Connolly et al, 1989, J. Biol. Chem 264: 20017-20024). Antagonism ofVEGF action by 
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sequestration ofVEGF with antibody can result in inhibition of tumour growth (Kim et ai, 
1993, Nature 362: 841-844). 

Receptor tyrosine kinases (RTKs) are important in the transmission of biochejnical 
signals across the plasma membrane of cells. These txansmembrane molecules 
5 characteristically consist of an extracellular ligand-bindtng domain connected through a 

segment in the plasma membrane to an intracellular tyrosine kinase Amain. Binding of ligand 
to the receptor results in stimulation of the receptor-associated tyrosine kinase activity which 
leads to phosphorylation of tyrosine residues on both the receptor and other intracellular 
molecules. These changes in tyrosine phosphorylation initiate a signalling cascade leading to a 

10 variety of cellular responses! To date, at least nineteen distinct RTK subfamilies, defined by 
amino acid sequence homology, have been identified. One of these subfamilies is presently 
comprised by the fins-like tyrosine kinase receptor, Flt-1, the kinase insert domain-containing 
receptor, KDR (also referred to as Flk-1)> and another fins-like tyrosine kinase receptor, FLt-4. 
Two of these related RTKs, Flt-1 and KDR, have been shown to bind VEGF with high affinity. 

1 S (De Vries et al, 1992, Science 255; 989-991; Terman et al, 1992, Koshero. Biqpbys, Res. 
Comm. 1992, 187: 1579-1586). Binding of VBGF to these receptors expressed in heterologous 
cells has been associated with changes in the tyrosine phosphorylation status of cellular 
proteins and calcium fluxes. 

VBGF is a key stimulus for vascuiogenesis and angiogenesis. This cytokine induces a 

. 20 vascular sprouting phenotype by inducing endothelial cell proliferation, protease expression 
and migration, and subsequent organisation of cells to form a capillary tube (Keck, P. J., 
Hauser, S.D., Krivi, G., Sanzo, K, Warren, T., Feder, J., and Connolly, D.T., Science 
(Washington DC), 246: 1309-1312, 1989; Lamoreaux, W.I, Fitzgerald, ME, Reiner, A., 
Hasty, K.A., and Charles, S.T., Micro vasa Res., 55: 29-42, 1998; Pepper, M.S., Montesano, 

25 R, Mandroita, SJ., Orel, L, and VassaUi, J.D., Enzyme Protein, 49: 138-162, 1996.). In 
addition, VEQF induces significant vascular permeability (Dvorak, H.F., Detmar, M, 
Claffoy, KR 9 Nagy, LA, van de Water, L., and Sanger, D R., (Int. Arch, Allergy Immunol., 
107: 233-235, 1995; Bates, D.O., Heald, R.I., Curxy, RE. and Williams, B. J. Physiol. 
(Lond), 533: 263-272, 2001), promoting formation of a hyper-permeable, immature vascular 

30 network which is characteristic of pathological angiogenesis. 

It has been shown tha t activation of KDR alone is sufficient to promote all of the 

major phenotypic responses to VEGF, including endothelial cell proliferation, migration, and 
survival, and the induction of vascular permeability (Meyer, M, Gauss, M a Lepple- 
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Wienhues. A., Waltanberger, J., August*, EG., Ziche, M, Lanz, C, Buttaex, M, Rziha, H- 
J., andDehio, C, EMBO J., 16: 363-374, 1999; Zeng, H, Sanyal, S. and Mukhopadhyay D 
I Biol. Chem., 276: 32714-32719, 2001; GKlle, H., Kowalsld, X, Li, B., LeCW, X, MorE* 
B, Zioncheck, T.F., Pelletier, N. andFerrara, N., J. Biol. Chem, 276: 3222-3230, 2001). 
5 Qumazoline derivatives which are inhibitors of VBGF receptor tyrosine kinase are 

described in International Patent Application Publication Nos. WO 98/13354 and WO 
01/32651. La WO 9S/133S4 and WO 01/32651 compounds are described which possess 
activity against VEGF receptor tyrosine kinase whilst possessing some activity against EGF 
receptor tyrosine kinase. The compound of the present invention, ZD6474, falls within the 
10 broad general disclosure of WO 9S/133S4 and is exemplified in WO 01/32651. 
In WO 01/32651 it is slated mat compounds of (hat invantion; 
"may be applied as a sole therapy or may involve, in addition to a compound of the invention, 
one or more other substances and/or treatments. Such conjoint treatment may be achieved by 
• way of the simultaneous, sequential or separate administration of the individual components of 
15 me treatment" WO 01/32651 then goes onto describe examples of such conjoint treaiment 
mclndmg surgery, radiotherapy, and many types of chemotherapeutic agent including 5- 
fluorouracil (5-FU) and irinotecan (CPT-1 1). Nowhere in WO 01/32651 does it state that use 
of any compound of the invention therein with other treatments will produce surprisingly 
beneficial effects. 

20 Unexpectedly and surprisingly we have now found that the particular compound 

SD6474 used in combination with a particular selection of combination therapies, namely 
withoneof: 5-FU; CPT-ll; and 5-FUandCPT.il, produces significantly better 
antiangiogenic and/or Vascular permeability reducing effects than any one of: ZD6474- 5-FU' 
CPT-lliandS-FUandCPT-llusedalone. According to one aspect of the present invention! 

26 ZD6474 used m combination with one of: 5-FU; CPT-ll; and S-FU and CPT-ll produces 
- significantiy better anti-cancer effects than any one of ZD6474, 5-FU; CPT-ll; and 5-FU 
and CPT-ll used alone. According to one aspect oftfae present invention, ZD6474 used in 
combination with one of: 5-FU; CPT-ll; and 5-FU and CPT-1 1 produces significantly better 
effects on solid tumours than any one of: ZD6474; 5-FU; CPT-ll; and 5-FU and CPT-ll used 
30 alone. According to one aspect of the present mvention, ZD6474 used m combhurtion with 

. colorectal cancer than any one of: ZD6474; 5-FU; CPT-1 J; and 5-FU and CPT-ll used alone. " 
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Anti-cancer effe cts of a method of treatment of the present invention include, but are 
not limited to, anti-tumour effects, the response rate, the time to disease progression and the 
survival rate. Anti-tumour effects of a method of treatment of the present invention include, 
but are not limited to, inhibition of tumour growth, tumour growth delay, regression of 
S tumour, shrinkage of tumour, increased time to regrowfh of tumour on cessation of treatment, 
slowing of disease progression. It is expected that when a method of treatment of the present 
invention is administered to a warm-blooded animal such as a human, in need of treatment for 
oancer, with or without a solid tumour, said method of treatment will produce an effect, as 
measured by, for example, one or more of: the extent of the anti-tumour effect, the response 

1 0 rate, the time to disease progression and the survival rate. 

According to the present invention there is provided a method for the production of an 
antiangiogenic and/or vascular permeability reducing effect in a warm-blooded a n imal such 
as a human, which comprises administering to said animal an effective amount of, 4-(4- 
bromo*2»fluoroariilino)-6-methoxy-7-(l -methylpiperidin-4-ylmethoxy)quinaaoline 5 also 

15 known as ZD6474: 




ZD6474 

2D or a pharmaceutically acceptable salt thereof, before, after or simultaneously with an effective 
amount of one of: 

a) 5-FU; 

b) CPT-11; and 

c) S-FU and CPT-11. 

25 Accordi ng to a further aspect of the present invention there is provided a method for 

the treatment of a cancer in a warm-blooded animal such as a human, which comprises 
administering to said animal aa effective amount of ZD6474 or a pharmaceutically acceptable 
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salt thereof, before, after or simultaneously with an effective amount of one of: 5-FU; CPT- 
11; and 5-FU and CFT-U. 

According to a further aspect of the present invention there is provided a method for 
the treatment of a cancer involving a solid tumour in a wann-blooded animal such as a 
5 human, which comprises a d mini stering to said animal an effective amount of ZD6474 or a 
pbannaceuticaUy acceptable salt thereof, before, after or simultaneously with an effective 
amount of one at 5-FU; CPT-1 1; and 5-FU and CPT-11. 

According to a further aspect of the present invention there is provided a method for 
the treatment of colorectal cancer in a warm-blooded animal such as a human, which 
10 comprises a dminis tering to said animal an effective amount of ZD6474 or a pharniaceuiieally 
acceptable salt thereof, before, after or simultaneously with, an effective amount of one of: 5- 
FU; CPT-11; and 5-FU and CPT-11. 

According to a further aspect of the present invention there is provided amethod for 
the production of an anti angiogenic and/or vascular permeability reducing effect in a warm- 

•15 blooded animal such as a human, which comprises administering to said animal an effective 
amount of ZD6474 or a pharmaceutically acceptable salt hereof, before, after or 
simultaneously with an effective amount of one of: 5-FU; CPT-1 1 ; and 5-FU and CFT-1 1; 
wherein ZD6474. 5-FU and CPT-1 1 may each optionally be administered together with a 
pharmaceutically acceptable recipient or carrier. 

20 According to a further aspect of the present invention there is provided a method for 

the treatment of a cancer in a wann-blooded animal such as a human, which comprises 
adniinistering to said animal an effective amount of ZD6474 or a pharmaceutically acceptable 
salt thereof before, after or simultaneously with an effective amount of one of: 5-FU; CFT- 
1 1; and 5-FU and CPT-1 1; wherein Z&6474, 5-FU and CPT-1 1 may each optionally be 

25 administered together with a pharmaceutically acceptable exoipient or carrier. 

According to afurther aspect of the present invention there is provided amethod for 
the treatment of a cancer involving a solid tumour in a warm-blooded animal such as a 
human, which comprises administering to said animal an effective amount of ZD6474 or a 
pharmaceutically acceptable salt thereof, before, after or simultaneously with an effective 

30 amount of one of: 5-FU; CPT-1 1; and 5-FU and CPT-11; wherein ZD6474, 5-FU and CPT-11 

my each optionall yjbe administered together with a pharmaceutical^ acceptable ex ripient or 

carrier. ~ 
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According to a further aspect of the present invention there is provided a method for 
the treatment of colorectal cancer in a warm-blooded animal such as a human, which 
comprises administering to said animal an effective amount of ZD6474 or a pharmaceutical!? 
acceptable salt thereof before, after or simultaneously with an effective amount of one of: 5- 
S FU; CPT-11; and 5-FU and CPT-11; wherein ZD6474, 5-FU and CFT-1 1 may each 

optionally be administered together with aphannaceutically acceptable excipient or carrier. 

According to a further aspect of die invention there is provided a pharmaceutical 
composition which comprises ZD6474 or a pharmaceutic ally acceptable salt thereof, and 5* 
FU in association with aphannaceutically acceptable excipient or carrier, 
1 Q According to a further aspect of the invention there is provided a pharmaceutical 

composition which comprises ZD6474 or aphannaceutically acceptable salt thereof, and 
CPT-11 in association with aphannaceutically acceptable excipient or earner. 

According to a further aspect of the invention there is provided a pharmaceutical 
composition which comprises ZD6474 or aphannaceutically acceptable salt thereof, and 5- 
1 5 FU and CPT-1 1 in association with a phannaceutically acceptable excipient or carrier. 

According to a further aspect of the present invention there is provided a combination 
product comprising ZD6474 or a pharmaceutically acceptable salt thereof and 5-FU, for use 
in a method of treatment of a human or animal body by therapy. 

According to a further aspect of the present invention there is provided a combination 
20 product comprising ZD 6474 or a pharmaceutically acceptable salt thereof and CPT-1 1 , for 
use in a method of treatment of a human or animal body by therapy. 

According to afirrther aspect of the present invention there is provided a combination 
product comprising ZD6474 or a pharmaceutically acceptable salt thereof and S-FU and CPT- 
11, for use in a method of treatment of a human or animal body by therapy. 
25 According to a further aspect of the present invention there is provided a kit 

comprising ZD6474 or a pharmaceutically acceptable salt thereof, and S-FU. 

According to a further aspect of the present invention there is provided a kit 
comprising ZD6474 or a pharmaceutically acceptable salt thereof, and CPT-11. 

According to a further aspect of the present invention there is provided a kit 
30 comprising 2D6474 or a pharmaceutically acceptable salt thereof, and 5-FU and CPT-1 1 . 

Accordingio^ajrjurfher_asoerf pre sent in ventio n there is provided a kit 

comprising: % 
a) ZD6474 or a phannaceutically acceptable salt thereof in a first unit dosage form; 
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b) 5-FU in a second unit dosage form; and 

c) container means for containing said first and second dosage fvxws. 

According to a further aspect of the present invention there is provided a kit 
compnjsing! 

5 a) Z06414 or a phannaceulically acceptable salt thereof in a first unit dosage form; 

b) CPT-1 1 in a second unit dosage form; and 

c) container means for containing said first and second dosage forms. 

According to a further aspect of the present invention there is provided a kit 
comprising: 

1 0 a) ZD6474 or aphsrmaceutically acceptable salt thereof in a first unit dosage form; 
b) 5-FU in a second unit dosage form; 
o) CPT-1 1 in a third unit dosage form; and, 

d) container means for containing said first, second and third dosage forms. 

According to a further aspect of the present invention there is provided a kit 
1 5 comprising: 

a) ZD6474 or apharmaceutically acceptable salt thereof, together with apharmaceutically 
acceptable excipient or carrier, in a first unit dosage form; 

b) 5-FU together with apharmaceutically acceptable excipient or carrier, in a second unit 
dosage form; and 

20 c) container means for containing said first and second dosage fonns. 

According to a further aspect of the present invention there is provided a kit 
comprising: 

a) ZD6474 or aphaimaceutically acceptable salt thereof, together with aphannaceutieally 
acceptable excipient or carrier, in a first unit dosage form; 

25 b) CPT-1 1 together with a pharmaceuncally acceptable excipient or carrier, in a second unit 
dosage form; and 

o) container means for ccmtaming said first and second dosage forms 

According to a further aspect of the present invention there is provided a kit 
comprising: 

30 a) ZD6474 or aphaimaceutically acceptable salt thereof, together with apharmaceutically 
accqptableLfiKcipient.or jEajrigJna fir st unit dosap ejhnyi; _ 

b) 5-FU together with apharmaceuticaUy acceptable excipient or carrier, in a second unit 
dosage form; 
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c) CPT-1 1 together with a pharmaceutical^ acceptable exxapient or carrier, in a third uttLt 
dosage fbrcn; and 

d) container means fox containing said first, second and third dosage forms. 

According to a further aspect of the present invention there is provided the -use of 
5 ZD6474 or a pbarmamitically acceptable salt thereof and one of: 

a) 5-FU; 

b) CPT-1 1; and 

c) 5-FU and CFT-11 

in the manufacture of a medicament for use in the production of an antiangiogenic and/or 
1 0 vascular permeability reducing effect in a warm-blooded animal such as a human, 

According to a further aspect of the present invention there is provided the use of 
ZD6474 or a pharmaceutical^ acceptable salt thereof and one of: 

a) 5*FU; 

b) CPT-1 1; and 

15 c) 5-FU and CPT-1 1 

in the manufacture of a medicament for use in the production of an anti-cancer effect in a 

warm-blooded animal such as a human. 

According to a further aspect of the present invention there is provided the use of 

ZD6474 or apharmaceutically acceptable salt thereof and one of: 
20 a) 5«FU; 

b) CFT-11; and 

c) 5-FU and CPT-1 1 

in the manufacture of a medicament for use in the production of an anti-tumour effect in a 
warm-blooded animal such as a human. 
25 According to a further aspect of the present invention there is provided the use of 

ZD6474 or a pharraaoeutically acceptable salt thereof and one of: 

a) 5-FU; 

b) CPT-1 1; and 

c) 5-FU and CPT-1 1 

30 in the manufacture of a medicament for use in the production of an anti-cancer effect in a 

wann-bloodad animal such as a human wherein the cancer is a colorectal cance r 

A combination treatment of the present invention as defined herein may be achieved 
by way of fee simultaneous, sequential cr separate administration of the individual 
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components of said treatment, A combination treatment as defined herein may be applied as a 
sole therapy or may involve surgery or radiotherapy or an additional chemotherapeuoo agent 
in addition to a combination treatment of the invention. Surgery may comprise the step of 
partial or complete tumour resection, prior to. dun^orat^meadnrinistrationofthe 

5 combination treatment with ZD6474 described herein. 

Other chemotherapeutic agents for optional use with a combination treatment of the 
presentmventimmcmdemosedescribedmWOOl/32051 which is incorporated herein by 
reference. Such chemotherapy may cover five main categories of therapeutic agent 
(i) other antiangiogenic agents including vascular targeting agents; 

10 (ii) cytostatic agents; 

(iii) biological response modifiers (for example interferon); 

(iv) antibodies (for example edrecolomab); and 

(v) antiproliferauve/antineoplastic drugs and combinations thereof, as used in medical 
oncology; and other categories of agent are: 

15 (vi) antisense therapies; 

(vii) gen© therapy approaches; and 
(ix) immunotherapy approaches. 

The adrnimstration of a multiple combination of ZD6474, 5-FU and ionising radiation 
or ZD6474, CPT-11 and ionising radiation or ZD6474, 5-FU, CPT-1 1 and ionising radiation 

20 may produce effects, such as anti-tumour effects, greater than those achieved with any of 
ZD6474.5.FU.CPTM1 and ionising radiation used alone. The administration of a multiple 
combination of ZD6474, 5-FU and ionising radiation or ZD6474, CPT-1 1 and ionising 
radiation or Z&6474, 5-FU, CPT-1 1 and ionising radiation may produce effecte, such as anti- 
tumour effects, greater than those achieved wife the combination of ZD6474 and 5-FU, 

25 greaterthan those achieved with the combination ofZDS474 and CPT-11 and greater man 
thosearmevedwimihecomb^ The.aomhiistration of a 

multiple combination of ZD6474, 5-FU and ionising radiation or 2356474, CPT-1 1 and 
ionising radiation ox ZD6474, S-FU, CPT-11 and ionising xachatkm may produce effects, such 
as anti-tumour effects, greater than those achieved with the combination of ZD6474 and 
30 ionising radiation, greater than those achieved with the combination of 5-FU and ionising 

tadiad^.greatgrjian, those achieved witi, fh, ^ bination of CPT- 11 and mm.in^^ 

and greater than W achieved with the combination of 5-FU, CPT-11 and ionising radiation." 
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According to the present invention there is provided a method for the production of an 
antiangiogenic and/or vascular permeability reducing effect in a warm-blooded animal such 
as a human, which, comprises administering to said animal an effective amount of ZD6474 or 
a pharmaceutical^ acceptable salt thereof before, after or simultaneously with an effective 
5 amount of 5-FU and before, after or simultaneously with an effective amount of ionising 
radiation. 

According to 1he present invention there is provided a method for the production of an 
anti angiogenic and/or vascular permeability reducing effect in a warm-blooded animal such 
as a human, which comprises administering to said animal an effective amount of ZD6474 or 
1 0 a pharmaceutical!? acceptable salt thereof, before, after or simultaneously with an effective 
- amount of CPT-11 and before, after or simultaneously with an effective amount of ictrisdng 
radiation t 

According to the present invention there is provided a method for the production of W 
antiangiogenic and/or vascular permeability reducing effect in a warm-blooded animal such 
15 as a human, which comprises administering to said animal an effective amount of ZD6474 or 
apharmaceuticaUy acceptable salt thereof, before, after or simultaneously with an effective 
amount of 5-FU, before, after or simultaneously with an effective amount of CPT-11 and 
before, after or simultaneously with an effective amount of ionising radiation. 

According to the present invention there is provided a method for the treatment of a 
20 cancer in a warm-blooded animal such as a human, which comprises administering to said 
animal an effective amount of ZD6474 or a pharmaceutical^ acceptable salt thereof, before, 
after or simultaneously with an effective amount of 5-FU and before, after or simultaneously 
with an effective amount of ionising radiation. 

According to the present invention there is provided a method for 1he treatment of a 
25 cancer in a warm-blooded animal such as a human, which comprises administering to said 
animal an effective amount of ZD 64 74 or a pharmaceutical^ acceptable salt thereof, before, 
after or simultaneously with an effective amount of CFT-1 1 and before* after or 
simultaneously with an effective amount of ionising radiation, 

According to the present invention there is provided a method for the treatment of a 
30 cancer in a warm-blooded animal such as a human, which comprises administering to said 
animal an effective amount of ZD6474 or a pharmac eutical^ acceptable salt thereof, before, 
after or simultaneously with an effective amount of 5-FU, before, after or simultaneously with 
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an effective amount of CFT-11 and before, after or simultaneously with an effective amount 
of ionising radiation. ' 

According to the present invention there is provided a method for the treatment of a 
cancer involving a solid tumour in a warm-blooded animal such as a human, which comprises 
5 administering to said animal an effective amount of ZD6474 or a pharmaceutically acceptable 
salt thereof, before, after or simultaneously with an effective amount of 5-FU and before, after 
or simultaneously with an effective amount of ionising radiation. 

According to the present invention there is provided a method for the treatment of a 
cancer involving a solid tumour in a warm-blooded animal such as a human, which comprises 
1 0 adntinistering to said animal an effective amount of 2356474 or a pharmaceutically acceptable 
salt thereof, before, after ox simultaneously with an effective amount of CPT-1 1 and before, 
after or simultaneously with an effective amount of ionising radiation. 

According"* the present invention there is provided a method for foe treatment of a 
cancer involving a solid tumour in a warm-blooded animal such as a human, which comprises 
1 5 administering to said animal an effective amount of ZD6474 or a pharmaceutically acceptable 
salt thereof, before, after or simultaneously with an effective amount of 5-FU, before, after or 
simultaneously with an effective amount of CPT-1 1 and before, after or simultaneously with 
an effective amount of ionising radiation. 

According to a further aspect of the present invention there is provided a method for 
20 the production of an antiangiogenic and/or vascular permeability reducing effect in a warm- 
blooded animal such as a human, which comprises admimstering to said animal an effective 
amount of ZD6474 or apharmaceuticaUy acceptable salt thereof; before, after or 
simultaneously with an effective amount of 5-*U and before, after or simultaneously with an 
effective amount of ionising radiation, wherein ZD6474 and 5-FU may each optionally be 
25 administered together with a pharmaceutically acceptable excipient or carrier. 

According to a further aspect of the present invention there is provided a method for 
the production of an antiangiogenic and/or vascular permeability reducing effect in a warm- 
blooded animal such as a human, which comprises administering to said animal an effective 
amount of 2336474 or a pharmaceutically acceptable sa lt raereof, before, after or 
30 simultaneously with an effective amount of CPT-1 1 and before, after or simultaneously with 

m effeotive amount of ionising radiation, wherein ZD6474 and CFT-H may each optio nal^ 

be administered together with a pharmaceuticaUy acceptable exdpient or carrier. 
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According to a further aspect of the present invention there is provided a method for 
the production of an antiangiogenic and/or vascular permeability reducing effect in a warm- 
blooded animal such as a human, which comprises administering to said animal an effective 
amount of 2336474 or a pharmaceutical acceptable salt thereof before, after or 

5 simultaneously with an effective amount of 5-FU, before, after or simultaneously with an 
effective amount of CPT-11 and before, after or simultaneously with an effective amount of 
ionising radiation, -wherein ZD 6474, 5-FU and CFT-11 may each optionally be administered 
together with a pharmaceutical acceptable recipient or earner, 

According to a further aspect of the present invention there is provide d a method for 

1 0 the treatment of a cancer in a warm-blooded animal such as a human, which comprises 

administering to said animal an effective amount of ZD6474 or apharmaceuticslly acceptable 
salt thereof, before, after or simultaneously with an effective amount of 5-FU and before, after 
or simultaneously with an effective amount of ionising radiation, wherein ZD6474 and 5-FU 
may each optionally be administered together with apharnmcevrtically acceptable excipient or 
15 carrier, 

According to a further aspect of the present invention there is provided a method for 
the treatment of a cancer in a warm-blooded animal such as a human, which comprises 
administering to said animal an effective amount of ZD6474 or a pharmaceutical^ acceptable 
salt thereof, before, after or simultaneously with an effective amount of CPT-1 1 and before, 
20 after or simultaneously with an effective amount of ionising radiation, wherein ZD6474 and 
CPT-1 1 may each optionally be administered together with a pharmaceutical^ acceptable 
excipietxt ot carrier. 

According to a further aspect of the present invention there is provided a method for 
the treatment of a cancer in a warm-blooded animal such as a human, which comprises 
25 administering to said animal an effective amount of ZD6474 or a pharmaceutical^ acceptable 
,salt thereof, before, after or simultaneously with an effective amount of 5-FU, before, after or 
simultaneously with an effective amount of CPT-1 1 and before, after or simultaneously with 
m effective amount of ionising radiation, wherein ZD6474, 5-FU and CPT-11 may each 
optionally be administered together with aphaimaceuiically acceptable excipient or carrier, 
30 According to a further aspect of the present invention there is provided a method for 

d ie treatm ent of a cancer involving a solid tumour in a warm-blooded animal such as a 
human, which comprises administering to said animal an effective amount of ZD6474 or a 
pharmaceutically acceptable salt thereof, before, after or simultaneously with an effective 
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amount of 5-FU aad before, after or sitnultaneously with an effective amount of ionising 
radiation, wherein ZD6474 and 5-FU may each optionally be administered together with a 
pharmaceutically acceptable excipient or eairien 

According to a further aspect of the present invention there is provided a method for 
5 the treatment of a cancer involving a solid tumour in a warm-blooded animal such as a 
human, which comprises administering to said animal an effective amount of ZD6474 or a 
phaimaceutically acceptable salt thereof, before, after or simultaneously wife, an effective 
amount of CPT-11 and before, after or simultaneously wife an effective amount of ionising 
radiation, wherein ZD6474 and CPT-11 may each optionally be administered together wife a 
1 0 phannaoeutically acceptable excipient or carrier. 

According to a further aspect of the present invention there is provided a method for 
fee treatment of a cancer involving a solid tumour in a warm-blooded animal such as a 
human, which comprises administering to said animal an effective amount of ZD6474 or a 
pharmaceiitically acceptable salt thereof, before, after or simultaneously wife an effective 
15 amount of 5-FU, before, after or simultaneously wife an effective amount of CPT-11 and 
before, after or simultaneously with an effective amount of ionising radiation, wherein 
ZD6474, 5-FU and CPT-11 may each optionally be administered togefeer wife a 
pharmaceutical^ acceptable excipient or carrier. 

According to a former aspect of fee present invention there is provided fee use of 
20 ZD6474 or apharmaceutically acceptable salt thereof and 5-FU in fee manufacture of a 
medicament for use in fee production of an antiangiogenic and/or vascular permeability 
reducing effect in a warm-blooded animal such as a human which is being treated with 
ionising radiation. 

According to a further aspect of the present invention there is provided the use of 
25 ZD6474 or a pharmaceutical acceptable salt thereof and CFT-1 1 in fee manufacture of a 
medicament for use in the production of an antiangiogenic and/or vascular permeability 
reducing effect in a warm-blooded animal such as a human which is being treated wife 
ionising radiation. 

According!© afurfeer aspect of fee present invention there is provided fee use of 
30 ZD6474 or apharmaceutically acceptable salt feereof and 5-FU and CPT-11 in the 
inanufacture-of a-medUcament-foruse.m^ 

permeability reducing effect in a warm-blooded animal such as a human which is befog 
treated wife ionising radiation. 
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According to a further aspect of the present invention fere is provided the usb of 
ZDS474 or a pharmaceutical^ acceptable salt thereof and 5-FU in the manufacture of a 
medicament for nse in the production of an anti-cancer effect in a warm-blooded animal such 
as a human which is being treated with ionising radiation. 
5 According to a further aspect of the present invention there is provided the use of 

ZD6474 or a phannaceutically acceptable salt thereof and CPT-11 in the manufacture of a 
medicament for use in the production of an anti-cancer effect in a warm-blooded animal such 
as a human which is being treated with ionising radiation. 

According to a further aspect of the present invention there is provided the use of 
1 0 ZD6474 or a pharmaceuticalry acceptable salt thereof and 5-FU and CPT-1 1 in the 
manufacture of a medicament for use in the production of an anti-cancer effect in a 
warm-blooded animal such as a human which is being treated with ionising radiation. 

According to a further aspect of the present invention there is provided the use of 
ZD6474 or apharmaceutically acceptable salt thereof and 5-FU in the manufacture of a 
1 5 medicament for use in the production of an anti-tumour effect in a warm-blooded animal such 
as a human which is being treated with ionising radiation. 

According to a further aspect of the present invention there is provided the use of 
ZD6474 or a pharmaceutical^ acceptable salt thereof and CPT-1 1 in the manufacture of a 
medicament for use in the production of an anti-tumour effect in a warm-blooded animal such 
20 as a human which is being treated with ionising radiation. 

According to a further aspect of the present invention there is provided the use of 
ZD6474 or a phannaceutically acceptable salt thereof and 5-FU and CPT-1 1 in the 
manufacture of a medicament for use in the production of an anti-tumour effect in a 
warm-blooded animal such as a human which is being treated with ionising radiation. 
25 According to a further aspect of me present invention mere is provided a therapeutic 

combination treatment comprising me administration of an effective amount of ZD6474 or a 
phannaceutically acceptable salt thereof, optionally together wim a phannaceutically 
acceptable excipient or carrier, and the admimstration of an effective amount of S-FU, 
optionally together with a phannaceutically acceptable excipient or carrier and me 
30 administration of an effective amount of ionising radiation, to a warm-blooded animal such as 
ahumanmneed of such-therapentio-fceatm^ S-FU and innisinp- 

radiation may be administered simultaneously, sequentially or separately and in any order. " 
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According to a flutter aspect of the present invention there is provided a therapeutic 
combination treatment comprising the administration of an effective amount of ZDS474 or a 
pharmaceuticaUy acceptable salt thereof, optionally together with a pharmaceuticaUy 
acceptable excipient or carrier, and the administration of an effective amount of CPT-ll, 
5 optionally together with a pharmaceuticaUy acceptable excipient or carrier and me 

administration of an effective amount of ionising radiation, to a warm-blooded animal such as 
a human in need of such therapeutic treatment wherein the ZD6474, CPT-ll and ionising 
radiation may be administered simultaneously, sequentially or separately and in any order. 
According to a further aspect of me present invention there is provided a therapeutic 
1 0 combination treatment comprising the administration of an effective amount of 2356474 or a 
pharmaceuucally acceptable salt thereof, optionally together with a pharmaceuticaUy 
acceptable excipient or carrier, and the administration of an effective amount of 5-FU, 
optionally together with a pharmaceuticaUy acceptable excipient or carrier, and the 
administration of an effective amount of CPT-1 1 • optionally together with a phannaoeuticaUy 
15 acceptable excipient or carrier, and the administration of an effective amount of ionising 
radiation, to a warm-blooded animal such as a human in need of such therapeutic treatment 
wherein the ZD6474, 5-FU, CPT-1 1 and ionising radiation may be administered 
simultaneously, sequentially or separately and in any order. 

A warm-blooded animal such as a human which is being treated with ionising 
20 radiation means a warm-blooded animal such as a human which is treated with ionising 
radiation before, after or at the same time as the administration of a medicament or 
combination treatment comprising ZD6474 and one of: 5-FU; CFT-11; and 5-FU and CPT- 
11. For example said ionising radiation may be given to said warm-blooded animal such as a 
human within me period of a week before to a week after the adnriniatration of a medicament 
25 or combination treatment comprising ZD6474 and one of: 5-FU; CPT-ll; and 5-FU and CPT- 
1 1. This means thatZD6474, 5-FU, CFT-11 and ionising radiation may be administered 
separately or sequenuaUy in any order, or may be administered simultaneously. The warm- 
blooded animal may experience the effect of each of ZD6474, 5-FU, CPT-1 1 and radiation 
simultaneously. 

30 According to one aspect of the present invention the ionising radiation is administered 
- before one of ZD6474 and one of: S-FU; CPT-1 1; and 5-FU and CFT-11, or after one of 
ZD6474 and one of: 5-FU; CPT-ll; and 5-FU and CPT-ll. " ~ 
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According to one aspect of the present invention the ionising radiation is administered 
before any of ZD6474 and one of: 5-FU; CFT-ll; and 5-FU and CPT-1 1 or after all of 
ZD6474 and one of: 5-FU; CPT-11; and 5-FU and CPT-1 1 , 

According to one aspect of the present invention ZD6474 is administered to a 
5 warm-blooded animal after the animal has been treated with ionising radiation. 

As stated above the combination treatments of the present invention, that is ZP6474, 
optionally with ionising radiation, combined with one of: 5-FU; CPT-1 1 ; and 5-FU and CPT- 
11, as defined herein, are of interest for their anti angiogenic and/or vascular permeability 
effects. Angiogenesis and/or increased vascular permeability is present in a wide range of 
1 D disease states including cancer (including leukaemia, multiple myeloma and lymphoma), 
diabetes, psoriasis, rheumatoid arthritis, Kaposi's sarcoma, haemangionia, acute and chronic 
nephropathies, atheroma, arterial restenosis, autoimmune diseases, acute inflammation 
lymphoedema, excessive scar formation and adhesions, endometriosis, dysfunctional uterine 
bleeding and ocular diseases with retinal vessel proliferation (including age-related macular 
1 5 degeneration). Combination treatments of the present invention are expected to be 

particularly useful in the prophylaxis and treatment of diseases such as cancer and Kaposi' $ 
sarcoma. In particular combination treatments of the invention are expected to slow 
advantageously the growth of primary and recurrent solid tumours of, for example, the colon, 
breast, prostate, lungs and skin. More particularly such combination treatments of the 
20 invention are expected to inhibit any form of cancer associated with"VEGF including 

leukaemia, mulitple myeloma and lymphoma and also, fi&r example, to inhibit the growth of 
those primary and recurrent solid tumours which are associated with VEGF, especially those 
tumours which are significantly dependent on VEGF for their growth and spread, including 
for example, certain tumours of the colon, breast, prostate, lung, vulva and skin. 
25 According to one aspect of die present invention such combination treatments of the 

invention are expected to slow advantageously the^rowth of primary and secondary 
(recurrent) tumours in colorectal cancer. 

In another aspect of the present invention ZD6474, optionally with ionising radiation, 
and one of: 5-FU; CPT-1 1; and 5-FU and CFT-ll are expected to inhibit the growth of those 
30 primary and recurrent solid tumours which are associated with VEGF especially those 

tumoras which are signified 

In another aspect of the present invention ZD6474, optionally with ionising radiation, 
and one of: 5-FU; CPT-1 1; and 5-FU and CFT-ll are expected to inhibit the growth of those 
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primary and recurrent solid tumours which are associated with both VEGF and EGF 
especially those tumours which are significantly dependent on VEGF and EOF for their 
growth and spread. 

According to another aspect of the present invention the effect of a method of 
5 -treatment of the present invention is expected to be at least equivalent to the addition of the 
effects of each of the components of said treatment used alone, that is, of each of ZD5474, 5- 
FU, CPT-1 1 and ionising radiation used alone. 

According to another aspect of the present invention the effect of a method of 
treatment of the present invention is expected to be greater than the addition of the effects of 
10 each of the components of said treatment used alone, that is, of each of ZD6474, 5-FU, CFT- 
1 1 and ionising radiation used alone. 

According to another aspect of the present invention the effect of a method of 
treatment of the present invention is expected to be a synergistic effect. 

According to the present invention a combination treatment is defined as affording a 
i 5 synergistic effect if the effect is therapeutically superior, as measured by, for example, the 
extent of the response, the response rate, the time to disease progression or the survival 
period, to that achievable on dosing one or other of the components of me combination 
treatment at its conventional dose. For example, the effect of the combination treatment is 
synergistic if the effect is therapeutically superior to the effect achievable with ZD6474, 5- 
20 FU, CPT-1 1, 5-FU and CFT-1 1, or ionising radiation used alone. Further, the effect of me" 
combination treatment is synergistic if a beneficial effect is obtained in a group of patients 
that does not respond (or responds poorly) to ZD6474, 5-FU.CPT-n, 5-FU and CPT-1 1, or 
ionising radiation used alone. In addition, the effect of the combination treatment is defined 
as affording a synergistic effect if one of the components is dosed at its conventional dose and 
25 the other component^) Ware dosed at a reduced dose and the therapeutic effect^ as measured 
by, for example, the extent of the response, the response rate, the time to disease progression 
or tiie survival period, is equivalent to that achievable on dosing conventional amounts of the 
components of the combination treatment In particular, synergy is deemed to be present if 
the conventional dose of ZD6474, 5-FU, CPT-L1, S-FU and CFT-11, or ionising radiation 
30 may be reduced without detriment to one or more of the extent of the response, the response 

rate 7 -toe-time to^disease.prpgre3sion^_survival data, to particular without detriment to the 

duration of the response, but with fewer and/or less troublesome side-effects than those that 
occur when conventional doses of each component are used. 
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The compositions described herein may be in a form suitable for oral administration, 
for example as a tablet or capsule, for nasal administration or administration by inhalation, for 
example as apowder or solution, for parenteral inj ection (including intravenous, 
subcutaneous, intramuscular, intravascular or infusion) for example as a sterile Solution, 
5 suspension or emulsion, for topical administration for example as sn ointment or cream, for 
rectal administration for example as a suppository or the route of administration may be by 
direct injection into the tumour or by regional delivery or by local delivery. Li other 
embodiments of the present invention the ZD6474 of the combination treatment may be 
delivered endoscopically, mtratracheally, intxalesionally, percutaneously, intravenously, 

10 subcutaneously, intiapeiitaneally or intratmnouraUy. In general the compositions described 
herein may be prepared in a conventional manner using conventional excdpients. The 
compositions of the present invention are advantageously presented in unit dosage form. 

ZD6474 will no rmally be administered to a warm-blooded animal at a unit dose within 
the range 10-500mg per square metre body area of the animal, for example approximately 

1 5 0.3-1 Srog/kg in a human. A unit dose in the range, for example, 0. 3 -1 Smg/kg, preferably 
O.S-Smg/kg is envisaged and this is normally a therapeutically-effective dose. A unit dosage 
fonn such as a tablet or capsule will usually contain, for example 25-500mg of active 
ingredient Preferably a daily dose in the range of 0.5-5mg/kg is employed 

CPT-11 is also known as irinotecan. CPT-11 may be administered in accordance with 

20 any known route of administration and dosage. 

For example CPT-1 1 may be dosed at 350mg/m 2 as an intravenous infusion over a 3 0 to 90 
minute period every 3 weeks. 

5-FU is 5-fluorouraciL 5-FU may be administered according to any known route of 
administration and dosage. 

25 For example 5-FU may be given as an intravenous daily infusion of 15mg/kg diluted in 500ml 
of 5% dextrose solution or 500ml 0.9% sodium chloride solution given by intravenous 
infusion: at the rate of 40 drops per minute over 4 horns; or infused over 30 to 60 minutes; or 
- as a daily continuous infusion over 24 hours. The daily dose of 5-FU is recommended not to 
exceed lg, 5-FU is usually given daily in one of these ways until 12- 1 5g has been given and 

30 this constitutes one course of 5-FU. It is usual practice to leave 4 to 6 weeks between courses 
of 5-FU. Alternati vely 5-FU may be dosed by intravenous injection at a dose of 12mg/kg on 
three consecutive days, followed by 6mg/kg on days 5, 7 and 9 ie on the three following* 
alternate days, followed by a maintenance dose of 5-15mg/kg by intravenous injection once a 
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week. Alternatively 5-FU may be given by intravenous inj action at a dose of 15mg/kg once a. 
week for the duration of the patient's treatment 5-FU may also be dosed intra-arterially as a 
regional perfusion at 5-7.5mg/kg by 24 hour continuous infusUm. 5-FU may also be dosed 
orally at a dose of 15mg/kg once a week or at a dose of 1 5mg/kg for six successive days 
5 followed by 1 5mg/kg once a week. 

5-FU is commonly administered with leucovorin. For the avoidance of doubt the 
combination treatments of the present invention include the use of 5-FU when given with, or 
without, leucovorin. 

Leucovorin may be administered according to any known route of administration and 
1 0 dosage. When used in combination with 5-FU, leucovorin is conveniently administered as 
calciumleucovorin and given intravenously. For example, calcium leucovorin may be given 
at a dose of 200mg/m 2 by slow intravenous injection, followed immediately by 5-FU at an 
initial dose of 370mg/m 2 by intravenous injection. The injection of leucovorin should not be 
given more rapidly than over 3-5 minutes because of the calcium content of the solution. This 
15 treatment is repeated daily fox 5 consecutive days. Subsequent couisesmay be given after a 
treatment-free interval of 21-28 days. 

Alternatively the following regimen may be used: leucovorin 500 rag/m 2 given by 2 
hour infusion every week for 6 weeks with 5-FU 500 mg/m 2 given as an iv bolus midway 
through the 6- week period 
20 Alternatively the following regimen may be used: leucovorin 200 mg/m a given by iv 2 

hour infusion followed by 5-FU 400 mg/m 2 iv bolus followed by 5-FU 600 mg/m 2 given by iv 
22 hour infusion, repeated for 2 consecutive days. The cycle is repeated eveiy 2 weeks. 

Alternatively 5-FU may be administered orally as capecitabine (Xeloda™), tegafor, ox 
TS-1. Capedtabine is a relatively non-cytotoxic fluoiopyrimidine carbamate which functions 
25 asanoiaUyadministeredprecursorofS-FU. Capedtabine may be administered according to 
any known dosage. For example a dose of 1250 mg/m 7 may be given orally twice a day, 
(equivalent to a daily dose of SSOOjng/m 2 ), for 14 days followed by arest period of 7 days. 

Conmination treatments of the present invention include the use of 5-FU when given 
in any form (including prodrug and precursor forms that are converted to 5-FU systemically 
30 or within the tumour), when administered via any route and when given with, or without, 



leucovorin.- . 



Radiotherapy may be administered according to the known practices in clinical 
radiotherapy. The dosages of ionisteg radiation will be those known for use in clinical 
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radiotherapy. The radiation therapy used will include for example the use of y-rays, X-rays, 
and/or the directed delivery of radiation from radioisotopes. Other forms of DNA damaging 
factors are also included in the present invention such as microwaves and UV-irradiatian. For 
example X-rays may be dosed in daily doses of 1.8-2.0Gy, S days a week for 5-6 weeks. 
5 Normally a total fractionated dose will lie in the range 45-60Gy. Single larger doses, for 
example 5-10Gy may be administered as part of a course of radiotherapy . Single doses may 
be administered intraoperatively. Hyperfiactionated radiotherapy may be used whereby small 
doses of X-rays are administered regularly over apariod of time, for example O.lGy per hour 
over a number of days. Dosage ranges for radioisotopes vary widely, and depend on the half- 
10 life of the isotope, the strength and type of radiation emitted, and on the uptake by cells. 
As stated above the size of the dose of each therapy which is required for the 
therapeutic or prophylactic treatment of a particular disease state will necessarily be varied 
depending on the host treated, the route of administration and the severity of the illness being 
treated. Accordingly the optimum dosage may be determined by the practitioner who is 
1 5 treating any particular patient For example, it may be necessary or desirable to reduce the 
above-mentioned doses of the components of the combination treatments in order to reduce 
toxicity. 

The combination treatments of the present invention comprise: ZD6474 and 5-FU; 
ZD6474 and CPT-1 1; 2D6474 a 5-FU and CPT-1 1- ZD6474, 5-FU and ionising radiation; 

20 ZD6474, CPT-11 and ionising radiation; ZD6474, 5-FU, CPT-1 1 and ionising radiation. The 
agents therein may be administered separately or sequentially in any order, or may be 
administered simultaneously. 

The present invention comprises combinations of 5-FU or CPT-1 1 or 5-FU and CPT- 
1 1 with ZD6474 or with a salt of ZD6474. 

25 Salts for use in pharmaceutical compositions will be phaxmaceutically acceptable salts, but 
other salts may be useful in the production of ZD6474 and its pharraaceuticafly acceptable 
salts. Such salts may be formed with an inorganic or organic base which affords a 
phaxmaceutically acceptable cation. Such salts with inorganic or organic bases include for 
example an alkali metal salt, such as a sodium or potassium salt, an alkaline earth metal salt 

30 such as a calcium or magnesium salt, an ammonium salt or for example a salt with 

methylamme,-dimethylamme r ^ ... 

hydroxyethyl)amine. 
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ZD6474 may be made, foi example, according to any of the following processes 
illustrated by examples (a) -(c) in which, unless otherwise stated; - 

(i) evaporations were carried out by rotary evaporation is. vacuo and woik-np 
procedures were carried out after removal of residual solids such as drying agents by filtration; 

Cn) operations were carried out at ambient temperature, that is in the range 1 8-25'C and 
under an atmosphere of an inert gas such as argon; 

(iii) column chromatography (by the flash procedure) and medium pressure liquid 
chromatography (MPLC) were perfonned on Merck Keselgel silica (Art 938S) or Merck 
Lichroprep RP-1 8 (Art. 9303) reveised-phase silica obtained from E Merck, Darmstadt, 



Civ) yields are given for illustration only and are not necessarily the maximum 
attainable; 

(v) melting points are uncorrected and were detennined using a Mettler SP62 automatic 
melting point apparatus, an oil-bath apparatus or a Koffler hot plate apparatus. 
1 5 (vi) the structures of the end-products of the formula I were confirmed by nuclear 

(generally proton) magnetic resonance (NMR) and mass spectral techniques; proton magnetic 
resonance chemical shift values were measured on the delta scale and peak multipKcities are- 
shown as follows: a, singlet; d, doublet; t, triplet; m, multiplet; br, broad; q, quartet; NMR 
spectra were run on a 400MHz machine at 24°C, 



20 



(vii) intermediates were not generally fully characterised and purity was assessed by 
thin layer chromatography (TLC), high-performance liquid chromatography (HPLC), infra-red 
OK) or NMR analysis; 

(viii) the following abbreviations have been used: - 

25 

DMF liN-dimethylformamide 
DMSO dimethylaulphoxide 
THF tetrahydtofuran 
TFA trifluoroacetic acid 
30 NMP 1 -methyl-2-pynoli dinone. ] 
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A solution of 37% aqueous formaldehyde (50|il, 0.6mmol) fallowed by sodium 
cyanoborohydride (23mg, 0.36mmol) were added to a solution of 4-(4-bracro-2- 
fluoroanilino)-6-metho^-7-(p^ (139m& 0.3mmol), in a 

5 mixture of TTO/methanol (1.4ml/1.4ml). After stirring for 1 hour at ambient temperature, 
water was added and the volatiles were removed under vacuum. The residue was triturated 
with water, filtered, washed with water, and dried under vacuum. The solid was purified by 
chromatography on neutral alumina eluting with methylene chloride followed by methylene 
chloride/ethyl acetate (1/1) followed by methylene chloride/ethyl acetste/methanol (50/45/5). 

10 The fractions containing the expected product were evaporated under vacuum, The resulting 
white solid was dissolved in methylene chloride/methanol (3ml/3ml) and 3N hydrogen 
chloride in ether (0.5inl) was added. The volatiles were removed under vacuum. The solid 
was triturated with ether, filtered, washed with ether and dried under vacuum to give 4-(4- 
bromo-2-fluoroanUino>6-ni^^ 

15 hydrochloride (12Qmg, 69%). 
MS - ESI: 475-477 [MHf 

The NMR spectrum of the protonated form of 4-(4-brotiM3-2-fluoroanilino)-6- 
me&oxy-7-(l-methylpiperidra^^ hydrochloride shows the presence of 

2 forms A and B in aratio A:B of approximately 9:1. 

20 ! H NMR Spectrum (pMSOd*; CF 9 COOD) 1,55-1.7 (m, fonnA2H) ; 1.85-2.0 (m, formB 
4H) ; 2.03 (d, form A 2H) ; 2.08-2.14 (br s, form A 1H) ; 2.31-2.38 (far s, formB 1H) ; 2.79 
(s, form A 3H) ; 2.82 (s, form B 3H) ; 3.03 (t, form A 2H) ; 3,21 <br s, form B 2M) ; 3.30 (br s, 
formB 2H) ; 3.52 (d, form A 2H) ; 4,02 (s, 3H) ; 4.12 (d, form A2H) ; 4.30 (d, form B 2H) ; 
7.41 (s, 1H) ; 7.5-7.65 (m, 2H) ; 7.81 (d, 1H) ; 8.20 (s, 1H) ; 8,88 (s, 1H) 

25 Elemental analysis; Found C 46.0 H 5,2 N 9,6 

CszH^OaBrF 0.3EfeO 2.65HC1 Requires C 45.S H 4.8 N 9.7% 

The starting material was prepared as follows: 

A solution of 7-beri2yloxy-4-chloro^-methoxy quinazoline hydrochloride (S.35& 
30 27.8mmol), (prepared, for example, as described in WO 97/22596, Example 1), and 4-bromo- 

2-fluoroanilme-(S,65g^29.^ 

The resulting precipitate was collected by filtration, washed with 2-propanol and then ether 



100S07-3 



-23- 

and dried under vacuum to give 7-benzyloxy-4-(4-bromo-2-fliioroanilino)-6- 
metho^quhiazoline hydrochloride (?A6g> 78%). 

^NMR Spectrum: (DMSOcte CJ5 3 COOD) 4.0(s, 3H); 5.37(s, 2H); 7.35-7.5(m, 4H); 7.52- 
7.62(m, 4H); 7.8(d, 1H>; 8,14(93, 1H); 8.79( S) 1H) 
5 MS - ESI: 456 |MH)* 

Etementai analysis: Found ' C 54.0 H 3.7 N 8.7 

CwHi^NaOzBfF 0.9HC1 Requires C 54.2 H 3.7 N 8.6% 

A solution of 7-bea2yloxy-4-(4-1womo 
hydrochloride (9.4g, 19. lmmol) in TPA (90ml) was heated at reflux for 50 minutes. The 

1 0 mixture was allowed to cool and was pouied cm to ice. The resulting precipitate was collected 
by filtration and dissolved in methanol (70ml). The solution was. adjusted to pH9»10 with 
concentrated aqueous ammonia solution. The mixture was concentrated to half initial volume 
by evaporation. The resulting precipitate was collected by filtration, washed with water and 
then ether, and dried under vactcum to give 4-(4-broino-2-flnoroanilino)-7-hydroxy-6- 

1 5 methoxyquinazolme (5.66g, 82%). 

*H NMR. Spectrum: pMSOd«; CDaCOOD) 3.95(s, 3H); 7.09(s, IS), 7.48(s, 1H); 7.54(t, 1H); 
7.64(d, 1H); 7.79(5, 1H); 8.31(s, 1H) 
MS - ESI: 366 [MHTf* 

Elemental analysis: Found C 49,5 H 3.1 N 11.3 

2Q CisHnlSfeChBrF Requires C 49.5 H 3.0 N 11.5% 

While maintaining the temperature in the range 0-5°C, a solution of di-fert-butyl 
dicarbonate (41. 7g, 0_19mol) in ethyl acetate (75ml) was added in portions to a solution of 
ethyl 4-piperidinecaTbo3cylate (30g, 0.19mol) in ethyl acetate (150ml) cooled at S°C, After 
stirring for 48 hours at ambient temperature, the mixture was poured onto water (300ml). The 
25 organic layer was separated, washed successively with water (20fonl), 0. IN aqueous 

hydrochloric acid (200ml), saturated sodium hydrogen carbonate (200ml) and brine (200ml), 

dried (MgSCk) and evaporated to give ethyl 4-(!^fer/-butoxycarbony^ 

(4S&98%). 

X H NMR Spectrum: (CDCI3) 1.25ft 3H); 1.45(s, 9H); l,S5-1.7Q(m, 2H); l.S-2.0(d, 2H); 2.35- 
30 2.5(m, 1H); 2.7-2,95(t, 2H); 3.9-4.1 (br s, 2H); 4.15 (q, 2H) 

Absol ution of 1M lithium aluminium hydride in THF (133ml, 0.133mo l) was added in 

portions to a solution of ethyl 4-(l-(ter/-butoxycarbonyl)piperidke)carbo3sylate (48g, 
0.19mol) in dry THF (180ml) cooled at 0*C. After stirring at 0 6 C for 2 hours, water (30ml) 
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was added followed by 2N sodium hydroxide (10ml). The precipitate was removed by 
filtration through, diatemaceous earth and washed with ethyl acetate. The filtrate was washed 
with water, brine, dried (MgSOd) and evaporated to give l-(ter^butD^carbanyl)-4- 
hydroxymethylpiperidiiie (36.3g, 89%). 
6 MS CEI): 215 [M.]+ 

l H NMR Spectrum: (CDCfc) 1.05-1.2(m, 2H); 1.35-1.55<m, 10H); 1.6-l.B(m, 2H>; 2_6-2.8(t, 
2H); 3.4-3.6(t, 2H); 4.0-4.2(br s, 2H) 

l,4-Diazabicydo[2.2.2]oetane (42.4g, 0.378mol) was added to a solution of 
butoxycarboiiyl)^hydroxymethylpiperi (S2.5g, 0.244mol) in rerr-butyi methyl ether 

1 0 (525ml). After stining for 1 5 minutes at ambient temperature, the mixture was cooled to 5°C 
and a solution of toluene sulphonyl chloride (62.8g, 0.33mmol) ill rert-butyl methyl ether 
(525ml) was added in portions over 2 hours while maintaining the temperature at 0°C. After 
stirring for 1 hour at ambient temperature, petroleum ether (11) was added. The precipitate 
was removed by filtration. The filtrate was evaporated to give a soHd The solid was 

1 5 dissolved in ether and washed successively' with 0.5N aqueous hydrochloric acid (2x500nil) > 
v/ater, saturated sodium hydrogen carbonate and brine, dried (MgS04) and evaporated to give 
l-(fe^butoxycarbcmyi)-4-(4-melh^ (76.7g, 85%). 

MS (ESI): 392 [MNaf 

1 H NMR Spectrum: (CDCU) 1 .0-1.2(m, 2H); l.4S(s, 9H); 1 .65(d, 2H); 1.75-1 .9(m, 2H); 

20 2.45(s, 3H); 2.55-2.7S(m, 2H); 3.85(d, 1H); 4.0-4.2(br s, 2H); 7.35(d, 2H); 7,8(d, 2H) 

Potassium carbonate (414mg, 3mm6l) was added to a suspension of 4-(4-bromo-2- 
fludroanilino)-7-hydro^y-6-methoxyquinazoline (546mg, 1 . 5mmol) in DMF (5ml). After 
stirring for 10 mimites at ambient temperature, l^^-butoxyoarbonyi)-4-(4- 
methylpheny]sulphonyloxymethyl)piperidine (636mg, 1.72mmol) was added and the mixture 

25 was heated at 95°C for 2 hours. After cooling, the mixture was poured onto cooled water 
(20ml). The precipitate was collected by filtration, washed with water, and dried under 
vacuum to give 4^4-bromo-2-fluoioanilino)-7-(l -(/e^-bu.tcrHycarbonyl)piperidin-4- 
ylmetho7^)-6-me<ho^quinazolme (665mg, 79%), 
MS -ESI: 561-563 [MHf 

30 l K NMR Spectrum: (DMSOdg) 1.15-1,3 (m, 2H), 1.46 (s, 9H), 1.8 (d, 2H), 2.0-2,1 (m, 1H), 
2;65^;9-(rar2]$;^ - - - 

1H), 7.65 (d, 1H), 7.8 <s, 1H), 8.35 (s f 1H), 9.55 (br b, 1H) 
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TFA (3ml) was added to a suspension of 4-(4-teomo-2-fliroroaxri^ 
butoxycaxbonyl)piperidm^-yta (673mg, l, 2mmo l) in 

methylene chloride (10ml). After stirring for 1 hour at ambient temperature, the volatiles 
were removed under vacuum Tie residue was triturated with a mixture of water/ether. The 
5 organic layer was separated The aqueous layer was washed again with ether. The aquecras 
layer was adjusted to pHIO with 2N aqueous sodium hydroxide. The aqueous layer was 
extracted with methylene chloride. The organic layer was dried (MgSO*) and the solvent was 
removed under vacuum. The solid was triturated with a mixture ether/petroleum ether (1/1), 
filtered, washed with ether and dried under vacuum to give 4-(4-bromo-2-fluoroaailino)-6- 
10 rn£thoxy-7-(piperidin-4-ylmetho7^)^ (390mg, 70.5%). 

MS - ESI: 461-463 [MH} + 

*H NMR Spectrum: (DMSOd*) 1.13-1.3 (m, 2H), 1.75 (d, 2H), 1.87-2.0 (m, 1H), 2.5 (d, 2E), 
3.0 (d, 2H), 3-96 (s, 3H), 3,98 (d # 2H), 7.2 (s, 1H), 7.5 (dd, 1H), 7.55 (t, IB), 7,68 (dd, 1H), 
7.80 (s, 1H), 8.36 (s, 1H), 9.55 (br s, 1H) 
15 Elemental analysis: Found C 54,5 H 4,9 N 12.1 

C 2 iH 32 N402BrF Requires C 54.7 K 4.S N 12.1% 

Prqqess fol 

20 37% Aqueous formaldehyde (3.5ml a 42mmol) was added to a solution of 4-(4-bromo- 

2-fluoroanilin^ 

(3.49g, 6,22mmol) 7 (prepared as described for the starting material inpiocesa (a) above), m . 
formic acid (35ml). After healing at 95*C for 4 hours the volatiles were removed under 
vacuum. The residue was suspended in water and the mixture was adjusted to pHl 0, 5 by 
26 slow addition of a solution of 2N sodium hydroxide. The suspension was extracted with ethyl 
acetate. The organic layer was washed with brine, dried MgS0 4 and evaporated to give 4-(4- 
bronK>-2-fiuoroao3ilmo)^ (2,61g, 
88%). 

MS - ESI; 475-477 [MH] + 
30 l H NMR Spectrum; (DMSO&) 1.3-1.45 (m, 2H), 1.8 (d>2H)> 1.7-1.9 (m, 1H), 1.95 (t, 2H), 

2;2-(s^T^ 

7,67 (d, 1H), 7.81 (s, 1H), 8.37 (s, 1H), 9.54 (s, 1H) 
HLetneiital analysis: Found C 55.4 H 5.1 N 11.6 
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GfizHsiNdOzBrF Requires C 55.6 H 5.1 N 11.8% 

Procgss_fta 

A suspension of 4-chloxo-6-methoxy-7-(l -metikylpiperidin^ylmethosy)qumazolKie 
5 (200mg, 0.62mmol) and 4-bromc-2-fluoioaniline (1 42mg, 0,74inmnL) in isopropanol (3ml) 
containing 6N hydrogen chloride in isopropanol (1 IQpl, 0.6Sml) was heated sX refloat for 1 ,5 
hours. After cooling, the precipitate was collected by filtration, washed with isopropanol 
followed by ether and dried under vacuum to give 4-(4-bromo-2-fluoroani^ 
(l-methylpiperidm-4-ylmeito^ (304mg, 90%). 

10 Elemental analysis: Found C 47.9 H 4,9 N 10.0 

C22H24N4OiB1FO.5ifcOl.8HCl Requires C 48.2 H 5»0 N 10.1% 
O.0S isopropanol 

The NMR spectrum of the protonated form, of 4-(4-bromo-2-fluoioanilmo)'-6- 
meihosy-7-(l -me4ylpLperidin-4-y lmethoxy)quinazoline hydrochloride shows the presence of 
15 two forms A and B m a ratio A;B of approximately 9:1. 

! H NMR Spectrum (DMSOd<s) 1.6-1.78 (m, form A 2H); 1.81-1.93 <br s, fbrtnB 4H); 1.94- 
2,07 (d, form A 2H); 2.08-2.23 (br s, form A 1H); 2.29-2,37 (br s, form B 1H); 2.73 (d s foim 
A 3H); 2.77 (d, form B 3H); 2.93-3.10 (q, form A 2H); 3.21 (br s, fbmiB 2H); 3.27 (br s 4 
formB 2H); 3.42-3.48 (d, form A 2H); 4.04 (s, 3H); 4.10 (d, form A 2H); 4.29 (d, fbrmB 
20 2H); 7.49 (s, 1H) ; 7.53-7.61 (m, 2H); 7.78 (d, 1H); 8.47 (s, 1H); 8.81 (s, 1H); 10.48 (br Sl 
form A 1H); 10.79 (br s, formB 1H); 11.90 (br s, 1H) 

For ano&er NMR reading, some solid potassium oarbonate was added into the DMSO 
solution of the 4-(4-bromo-2-fluoroanilino)-6-me^^ 

ylmeflioxy)quinazoline hydrochloride described above, in order to release the free base in the 
25 NMR tube. The NMR spectrum was then recorded again and showed only one form as 
described below: 

teNMR Spectrum: (DMSOd*; solid potassium carbonate) 1.3-1.45 (m, 2H) ; 1,75 (d, 2H) ; 

1.7-1.9(m, IS) ; 1.89 (t, 2H) ; 2.18 (s, 3H) ; 2.8 (d, 2H) ; 3.98 (s, 3H) ; 4.0 (d, 2H) ; 7.2 (3, 

1H) ; 7.4S (d, 1H) ; 7.55 (t, 1H) ; 7.68 (d, 1H) ; 7.8 (s, lH) ; 8.35 (s f 1H) ; 9,75 (s, 1H) 
30 A sample of 4-(4-broii^-2-fluoroardlino)*6-metJioxy-7-(l -methylpiperidin-4- 

_ ylmethox y kainazoline (free base) was generated from the 4»(4-bromo-2-flttoroanilino) -6- 

methoxy-7-Q-methylpiperidin-4-yl^ hydrochloride, (prepared as 

described above), as follows: 



100807-3 

-27- 

4-(4nBromo-2-fluoroaiiilmo>6-mem^ 

hydrochloride (SOmg) was suspended in methylene chloride (2ml) and was washed with 
saturated sodium hydrogen carbonate. The methylene chloride solution was dried (MgSD 4 ) 
and the volatiles were removed by evaporation to give 4-<4-bromo-2-fluor©anilmo)-6- 
5 metho^'-7^1-methylpiperidm4-yhnethoxy)quinazolins (free base). The NMR of the free 
base so generated shows only one form as described below: 

^NMR Spectrum: (DMSOds) 1.3-1.45 (m, 2H) ; 1.76 (6, 2H) ; 1.7-1.9(m, 1H) ; 1.9 (t, 2H) ; 

2.19 (s, 3H) ; 2.8 (d, 2B) ; 3.95 (s, 3H) ; 4.02 (d, 2H) ; 7.2 (s, 1H) ; 7.48 (d, 1H) ; 7.55 (t, 1H) 

; 7.68 (dd, 1H) ; 7.8 (s, lH) ; S.38 (s, 1H) ; 9.55<br s, 1I» 
1 0 For another NMR. reading, some CF 3 COOD was added into the NMR. DMSO solution 

of the 4-(4*romo-2-fluoroanilino)-6-iiiemoxy-7-(l -me thylpip sri din-4-ylmethoxy) qumazoline 

(free base) described above and the NMR. spectrum was recorded again. The spectram of the 

protonated form of the 4^4-bromo-2-fluoroanilmo)-6-m^oxy-7-(l-methylpiperidin-4- 

ylmethoxy)qumazoline trifhioroacetate salt so obtained; shows the presence of two forms A 
1 5 and B in a ratio A£B of approximately 9: 1. 

'H NMR. Spectrum; (DMSOds; CF 3 COOD) 1.5-1.7 (m, form A2H); 1.93 (br s, fbrmB 4H); 

2.0-2.1 (d, form A 2H); 2.17 (br s, form A lH)i 2.35 (br s, formBlH); 2.71 (s, form A 3H); 

2.73 (a, form B 3H); 2,97-3.09 (t, form A 2H); 3.23 (brs, form B 2H); 3.34 (brs, form B 2H); 

3.47-3.57 (d, form A 2H); 4.02 (s, 3H); 4.15 (d, form A 2H); 4.30 (d, form B ZH); 7.2 (s, 1H); 
20 7.3w7 ; 5(m,2H); 7.6(4 1H); 7.9 (s,lH); 8.7 (s a lH) 

The starting material was prepared as follows: 
l-(fert-Buto7^caibQnyl)-4-(4^ 
0. 1 lmol), (prepared as described for the starting material in process (a) above), was added to 
25 a suspension of ethyl 4-hydro7fy-3-methoxybenzoate (1 9.6g, 0. lmol) and potassium carbonate 
(28g, 0.2rool) in dry DMF (200ml). After stirring at 95*C foi 2.5 hours, the mixture was 
cooled to ambient temperature and partitioned between water and ethyl acetate/ether. The 
organic layer was washed with water, brine, dried (MgS0 4 ) and evaporated. The resulting oil 
was crystallised from petroleum ether and the suspension was stored overnight at 5°C. The 
30 solid was collected by filtration, washed with petroleum ether and dried under vacuum to give 

e%U<l^(te^butoxycarbonyl)piperid^ 

mp. 81-83°C 

MS (ESI): 416[MNaf 
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2 H NMR Spectrum; (CDCb) 1.2-1.35(m, 2H); 1.4(t, 3H); 1.4S(s, 9H); 1.8-1.9(4, 2H); 2.0- 
2.15(ra, 2H); 2.75(t, 2H); 3.9(d, 2ti); 3.95(s, 3H); 4.05-4.25(br s, 2H); 4.35(q> Sfflfc 6.85(4 
lH);7.55(s,lH);7,65(d,lH) 

Elemental analysis: Pound C 63,4 H 8.0 N 3.5 

S CziHsiNO* 0.3H 2 O Requires C 63.2 H 8.0 N 3.5% 

Formaldehyde (12M, 37% in water, 35ml, 420mmol) was added to a solution of ethyl 
4-(l-(te^butoxycarbonyl)pi^ (35g> 89mmol) in 

formic acid (35ml). After stirring at 95 a C for 3 hours, the volatile were removed "by 
evaporation. The residue was dissolved in methylene chloride and 3M hydrogen chloride in 
1 0 ether (40ml, 120mmol) was added. After dilution with ether, the mixture was triturated until 
a solid was formed The solid was collected by filtration, washed with ether and dried under 
vacuum overnight at 50°C to give ethyl 3-methoxy-4-(l-methylprperidin-4- 
ylmethoxy)benzoate (30.6g, quant). 
MS (ESI): 3 08 [MH] + 

15 l H NMR Spectrum: (DMSOd*) 1.29(t 3H); 1.5-1.7(m, 2H); 1.95(d, 2H); 2.0-2.15(br s, 1H); 
2.72(s ? 3H); 2.9-3.1(m ? 2H); 3.35-3.5(bi s 3 2H); 3.85(s, 3H); 3.9-4.05(br s, 2ff>; 4.3(q, 2H); 
7.1(d, 1H); 7.48(s. 1H); 7.6(d, 1H) 

A solution of ethyl 3 -methoxy-4-(l "methylpiperidin-4-ylmetho7?y)ben2:o»te (30. 6g, 
S9mmol) in methylene chloride (75ml) was cooled to 0-5°C. TFA (37.5ml) was added 

20 followed by the dropwise addition over 1 5 minutes of a solution of fuming 24N nitric acid 
(7.42ml, 178mmol) in methylene chloride (15ml). After completion of the addition, the 
solution was allowed to warm up and stirred at ambient temperature for 2 hours. The 
volatiles were removed under vacuum and the residue was dissolved in methylene chloride 
(50ml). The solution was cooled to 0-5°C! and ether was added The precipitate was collected 

25 by filtration, and dried under vacuum at 50°C. The solid was dissolved in methylene chloride 
(500ml) and 3M hydrogen chloride in ether (30ml) was added followed by ether (SGOmT). 
The solid was collected by filtration and dried under vacuum at 50°C to give ethyl 3- 
metho^-4-(l-methylpiperidm^ (28.4g a 82%). 

MS(BSQ:353 [MHf 

30 *H NMR Spectrum: (DMSOd*) 1.3ft 3B); l,45-l,65(m, 2H); 1.75-2.1(1^ 3H); 2.75(s, 3H); 

2r9-3,05(m r 2H)r-3 I 4-3.5^ „ 

A suspension of ethyl 3-methoxy-4«(l-methylpiperid^ 
(3.89g, lOmmcQ) in methanol (80ml) containing 10% platinum on activated carbon (50% wet) 
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(389mg) was hydrogenated at 1.8 atmospheres pressure until uptake of hydrogen ceased The 

mixture was filtered and the filtrate was evaporated. The residue was dissolved in water 

(30ml) and adjusted to pHIO with a saturated solution of sodium hydrogen carbonate. The 

mixture was diluted with ethyl acetate/ether (1/1) and the organic layer was separated. The 

5 aqueous layer was further extracted with ethyl acetate/ether and the organic layers were 

combined The organic layers were washed with water, brine, dried (MgS0 4 ). filtered and 

evaporated. The resulting solid was triturated in a mixture of ether/petr oleum ether, filtered, 

washed with petroleum ether and .dried under vacuum at 60 6 C to give ethyl ^atnmo-3- 

memo^^l-methylpiperi6m-4-ylmetbooty)ben2^te (2.58g, 80%). 
10 m.p. 111-112°C 

MS (BSI): 323 [MHg* 

'HNMR Spectrum: (CDC1 3 ) 1.35ft 3H); 1.4-l.S(m, 2H); 1.85<m,3H); 1.95ft 2H);2.29(s, 
3H); 2.9(4, 2H); 3.8( S , 3H); 3.85(4 2H); 4.3(q, 2H); 5.55(br s, 2H); 6.13(s, 1H); 7.33(s, 1H) 
Elemental analysis: Found C 62.8 H 8.5 N 8.3 

15 C 17 Ha«T^O 4 0.2H2O Requires C 62.6 H 8.2 N 8.6% 

A solution of ethyl 6-ammo-3-metooxy^l-me^ 
(16. lg, SOnnnol) in 2-methoxyethanol (160ml) containing formanridine acetate (5.2g, 
50mmol) was heated at HS'C for 2hours. Formatmdtne acetate (10.4& lOOmmol) was 
added in portions every 3 0 minutes over 4 hours. Heating was prolonged for 30 minutes after 

20 the last addition. After cooling, the volatiles were removed under yacuum. The solid was 
dissolved in ethanol (1 00ml) and methylene chloride (50ml). The precipitate was removed by 
Fdtration and the filtrate was concentrated to a final volume of 1 00ml. The suspension was 
cooled to 5°C and the solid was collected by filtration, washed with cold ethanol followed by 
ether and dried under vacuum overnight at 60°C to give 6-methoxy-7-(l -methylpiperidin-4- 
26 yunethoxy)-3,4-dihy<hogTJU^ 
MS<BSr);304 [MHJ* 

'H NMR Spectrum: (DMSOd,) 1.25-1.4(m, 2H); 1.75(4, 2H); 1.9ft 1H); 1.9(s, 3H); 2.16( S , 
2H); 2.8<d, 2H); 3.9(3, 3H); 4.0(d, 2H); 7.11<s, 1H); 7 .44( S , 1H); 7.97(s, 1H) 
A solution of ^mefooxy-7-(l-metoylpi^ 
30 one (2. 8g, 9.24mmol) in thionyl chloride (28ml) containing J5MF (280^1) was heated at reflux 

^-C-fc^W^terj^ 

was triturated with ether, filtered, washed with ether and dried under vacuum. The solid was ~ " 
dissolved hi methylene chloride and saturated aqueous sodium hydrogen carbonate was 
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added. The organic lays: was separated, washed with water, brine, dried (MgSCU) a nd 
evaporated to give 4-chloro-6-memoxy-7-(l-methyh^erid^ (2.9g, 
98%), 

MS (ESI): 322 [MHf 

S J H NMR Spectrum: (DMSOds) 1.3-1.5(m, 2H); 1.75-1.9(m, 3H); 2.0(t, 1H); 2.25(s, 3H); 
2.85(d, 2H); 4.02(8, 3H); 4. 12(d, 2H); 7.4J( S , 1H); 7.46(s, 1H); 8.9(s, 1H) 

Alternatively, the 6-methoxy-7-(l-methylpiperidin-4-ylnietho-xy)-3,4- 
dihydroquinazcjliiL-4-one can be prepared as follows: 

Sodium hydride <1.44g of a 60% suspension in mineral oil, 36mmol) was added in 
1 0 portions over 20 minutes to a solution of 7-beMylo7y-6-memoKy-3,4-dihydroqwmazolm-4- 
one (8.46g, 30mmol), (prepared, for example, as described in WO 97/52596, Example 1), in 
DMF (70ml) and the mixture was stirred for 1.5 hours. Chloromemyl pivalate (5.65g, 
37.5mmol) was added in portions and the mixture stirred for 2 hours at ambient temperature. 
The mixture was diluted with ethyl acetate (100ml) and poured onto ice/water (400ml) and 
15 2N hydrochloric acid (4ml). The organic layer was separated and the aqueous layer extracted 
with ethyl acetate, the combined extracts were washed with brine, dried (MgSOi) and the 
solvent removed by evaporation. The residue was triturated with a mixture of ether and 
petroleum ether, the solid was collected by filtration and dried under vacuum to give 7- 
ber^loxy-6-memoxy-3-((pivuloyloxy)m 84% ) 
20 'H NMR Spectrum; (DMSOd fi ) l.ll(s, 9H); 3.89(9, 3H) ; 5.3(s, 2H); 5.9(s, 2H); 7.27(s, 1H); 
7.35(m, 1H); 7.47(t, 2H); 7.49(d, 2H); 7.51(s. 1H); 8.34(s, 1H) 

A mixture of 7-beazyloxy-6-meteoxy-3-(^ 
4-one (7g, 17.7mmol) and 10% pauadium-on-oharcoal catalyst (700mg) in ethyl acetate 
(250ml). DMF (50ml), methanol (50ml) and acetic acid (0.7ml) was stirred under hydrogen at 
25 atmospheric pressure for 40 minutes. The catalyst was removed by filtration and the solvent 
removed from the filtrate by evaporation. The residue was triturated with ether, collected by 
filtration and dried under vacuum to give 7-hyaroxy-6-memoxy-3^(prvaloyloxy)methyl)-3,4- 
dmyo^quinaBonn-4-one (4.36g, 80%). 

l H NMR Spectrum: (DMSOds) U(s, 9H); 3.89(s, 3H); 5.89(s, 2H); 7.0(s, 1H); 7.48(s s 1H); 
30 8.5(s, 1H) 

Xriphenylphosphine (3 ^g,_6jSBmpl ) was added under nitrogen to a suspension of 7- 
hydroxy-frmethoxy-3-((pivaloyloxy)memyl)-3,4-dmydroa^ - 
methylene chloride (20ml), followed by the addition of l-(lert-butoxycarbonyl)-4- 



\mmmmmtmms3m 
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(hydrpxyme1hyl)piperidine (1.29g, 6mmol), (prepared as described far the starting material in 
process (a) above), and by a solution of diemyi azodicwboxylate (1.13s, 6.5rnrnol) m 
methylene chloride (5ml). After stirring for 30 minutes at ambient temperature, the reaction 
mixture was poured onto a column of silica and was eluted with ethyl acetatevpetroleum ether 
S (l/lfcuowedby675,6/4and7/3). Evaporation of the fractions containing the greeted 
product led to an oil that crystallised following trituration with pentane. The solid was 
collected by filtration and dried under vacuum to give 7-(l-(tert-butoxycarbonyl^jiperidin-4- 
ylmemoxy)-6-metho^=3»((mValoyla^ (232g, 92%). 

MS-ESI:52€(MNa] + 

1 0 l H NMR Spectrum: (CDOg) 1.20 (s, 9H), 1 .2-1 .35 (m, 2H), 1 .43 (s, 9H), 1 .87 (d, 2H), 2.05- 
2.2 (m, 1H), 2.75 (t, 2H), 3.96 (d, 2H), 3.97 (s, 3H), 4.1-4.25 (br s, 2H), 5.95 (s, 2H), 7,07 (a, 
lH0,7.63(3.1HM.17(s, 1H) 

Elemental analysis; Found C 61.8 H 7.5 N S.3 

C K Hj7N 3 07 Requires C 62.0 H 7.4 N 8.3% 

1 S A solution of 7-(l ~(tert-butoxycaibonyl)ptpeTidm^ 

({pivalaylc^)methyl>3,4-d%^ (2.32g, 4.6mmoI) m methylene chloride 

(23ml) containing TFA (5ml) was stilted at ambient temperature for 1 hour. The volaules 
were removed under vacuum. The residue was partitioned between ethyl acetate and sodium 
hydrogen carbonate. The organic solvent was removed under vacuum and the residue was 

20 filtered. The precipitate was washed with water, and dried under vacuum The solid was 
azeotroped with toluene and dried under vacuum to give 6-methoxy-7-(piperidin-4- 

ylmewo^-S-^valoylo^me^y-S^-dmydroqmnazolm-^-one (1.7g, 92%). 
MS-ESI:4Q4[MCHf 

*HNMR Spectrum: (DMSOdfij CP 3 COOD) 1.15 (s, 9H), 1.45-1.6 (ro,2H), 1.95 (d, 2H), 2.1- 
25 2.25 (m ? 1H). 2.95 (t, 2H). 3.35 (d, 2H), 3.95 (s, 3H), 4.1 (d, 2H), 5.95 (a, 28), 7.23 ( s , 1H), 

7.54 (s, 1H), 8,45 (s, 1H) 

A 37% aqueous sohmon of formaldehyde (501ul, 6mmol) followed by sodium 

cyanoborohydride (228mg, 3 .6mmol) were added in portions to a solution of 6-methoxy-7- 

(piperidm-4-ylrnemoxy)-3-((pi^ 
30 3mmol) in a mixture of THF/methanol (lOml/lOml). After stirring for 30 minutes at ambient 

temperature menrgamc-aolve^^ mdtfae raadne was 

partitioned between methylene chloride and water. The organic layer was separated, washed 

with water and brine, dried (MgS0 4 ) and the volanles were removed by evaporation. The 
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residue was triturated with ether and the resulting solid was collected by filtration, washed 
with ether and dried tinder vacuum to give 6Mnethoxy-7-(l-mjethylpiperi 
((pivaioyloxy)met^ (102g, 82%). 

MS -ESI: 418 [MH] + 

5 a H WMR Spectrum: (CDCls) 1.19 (3, 9H>, 1,4-1.55 (m, 2H), i.9 (d a 2H), 2.0 (t, 2H), 1.85-2.1 
(m, 1H), 2.3 (s, 3H), 2.92 (d, 2H), 3.96 (s, 3H>, 3,99 (d, 2H), 5.94 (s, 2H), 7.08 (s, 1H), 7.63 
(s, lH), 8.17 (s, 1H) 

A saturated solution of ammonia in methanol (14ml) was added to a solution of 6- 
methc^-7-(l-methylpiperidin^^ 

10 4-one (1. 3 8g, 3. 3mmol)ia methanol (5ml), After stirring for 20 hours at ambient 

temperature, the suspension was diluted with methylene chloride (10ml). The solution was 
filtered Hie filtrate was evaporated under vacuum and the residue was triturated with ether, 
collected by filtration, washed with ether and dried under vacuum to give 6-methaxy-7-(l - 
me1hylpiperidm«4-ylmeth^ (910m& 83%), 

15 MS - ESI: 304 [MHf 

L H NMR Spectrum: (DMSOd 6 ) 1.3-1.45 £m, 2H), 1.75 (d a 2H), 1.7-1.85 (m, 1H), 1.9 (t, 2H), 
2.2 (s, 3H), 2.8 (d, 2H), 3.9 (s, 3H), 40 (d, 2H), 7.13 (s, 1H), 7.45 (s, 7.99 (s, 1H) 

The following tests were used to demonstrate the activity of ZD6474 in combination 
with 5-FU and CPT-11. 

20 TTnTi™n 1.S U174T colon tumour xenografts in Nude mice 

10 7 LS-174T tumour cells in 0.2 nd of serum free Ros well Park Memorial Institute 
(RPMI)- 1640 medium ware injected subcutaneously (s.c.) into the flanks of 10 afhymic 
(nu/nu genotype) mice. When tumow siaes reached 700-1000 ram 3 (3-4 weeks), tumours 
were surgically excised and smaller tumour fragments thereof (20-30 mg) were implanted s.c. 

25 in the right flank of 120 Nude mice. When tumours reached a volume of 1 00 to 200 nwn 3 (14- 
16 days after the graft), mice were randomized into groups (13-15 per group) and treatment 
started. 

(a) S-FU + ZD6474 

30 □ The control grocp (Group 1) received a daily oral (p.o.) administraticn of ZD6474 vehicle 

for 14 consecutive days (day 0 - 13) combined with two intra venous (i.v.) injections of 

saline (the vehicle for 5-FU) on day 0 and 7. 
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Q For Group 2, the treatments consisted of a daily p, o. administration of ZD6474 alone at 
25mg/kg/adminstraticQi for 1 4 consecutive days (day 0 - 13) combined with two i. v. 
injections of saline (the vehicle for 5-FU) on day 0 and 7. ZD6474 was prepared as a 
suspension in 1% polysorbate 80 (i.e. a 1% (v/v) solution of poiyoxyethylene (20) 
5 sorbitan mono-oleate in deionised water). 

□ Group 3 received two Lv. injections of 5-FU at 75mg/kg/5njection > on day 6 and 7, 
combined with a daily p.o. administration of ZD6474 vehicle for 14 consecutive days (day 
0-13). 

□ Group 4 received daily p.o. administration of ZD6474 at 2Smg/kg/adrainstratioti for 1 4 
1 0 consecutive days (day 0 - 13) combined with two i.v injections of 5-FU at 

75mg/kg/mjectba J on day 0 and 7. 

The administration volume of ZD6474 was 10.0 ml/kg (200 ^1 for a 20 g mouse). The 
injection volume of 5-FU was 10.0 ml/kg (200 jd. for a 20 g mouse). 



Group 


Treatments 


Combined 


Adm. route 


No. 


No* 


Days- 






drug dotes 




Treatments 


Treatment 


interval 






(mg 






/day 


between 






base/kg/inj,) 








treatment 
(Days) 


1 


Vehicles of 


0.0 


p.o. fbrZD6474 


14 p.o. ■ 


1 p.o. 


1 for p.o. 




ZJ56474 




vehicle 


2 i.v. 


H.v. 


7 for i.v. 




and 5-FU 




i,v, for saline 








2 


2D6474+ saline 


25.0 


p.o. for ZD6474 


14p.o. 


1 p.o. 


1 for p.o. 








i, v. for saline 


2 i.v. 


1 i.V, 


7 for i.v. 


3 


5-FU + ZD6474 


75,0 


i.v, for 5-FU 


14 p.o. 


lp.o. 


1 for p.o, 




vehicle 




p.o.forZD6474 
vehicle 


2i.v, 


li.v. 


7 for i.v 


4 


ZD6474 + 5-FU 


25.0 for 


p.o. for ZD6474 


14 p.o. 


1 p.o. 


1 for p.o, 






ZD6474 


i,v. for 5-FU 


2 i.v. 


li.v. 


7fori.v. 






7S.0 for 5-FU 










—1-5 



Tumor volumes (mm 3 ) were assessed at least twice weekly by bilateral Vernier caliper 
measurement and, taking length to be the longest diameter across the tumor and width the 
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correspoadiag perpendicular, calculated using the formula (n/6) x (length x width) x the 
square root of (length x width). Growth inhibition from the start of treatment was assessed "by 
comparison of the differences in tumor vplume between control and treated groups. For all 
mice, the study was stopped when tumours reached 2,000 nan 3 . For all mice, the tumours 
5 were excised and weights recorded upon termination of the study. 




Treatment 


Inhibition of 
Control Tumour 
Growth at day 13 


P value (one-tailed 
two-sample /-test) 


Regressions* 










ZD6474 
(25mg/kg/day p.o.. d 0 - 13) 


80% 


0.01 


5/15 


5-FU 

(75_mg<kg i.v., d 0 and 7) 


68% 


0.03 


6/15 


ZD6474 + 5-FU 


107% 
(Regression) 


0.002 


8/13 
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* Number of tumours which had regressed by £ 10% in volume by day 13, when compared 
with their pre-treatment volume an day 0. 

The combination of 5-FU with ZD6474 produced a sigmfioandy greater inhibition of 
tumour growth than 5-FU alone (P= 0.018 at day 13, by one-tailed two-sample /test). 
5 The combination of S-FU with ZD6474 produced a significantly greater inhibition of 

tumour growth manZD6474 alone, (P= 0.027 at day 13, by one-tailed two-sample t test). 

The combination of 5-FU with ZD6474 produced more tumour regressions (62%) than 
ZD6474 alone (33%) or 5-FU alone (40%). 

10 (b) CPT-11+ZDM74 

a The control group (Group 1) received a daily oral (p.o.) adtnmistration of 2D6474 vehicle 
for 14 consecutive days (day 0 - 13) combined with two intravenous (i.v.) injections of 
saline (the vehicle for CPT-1 1) oa day 0 and 7. The control group was not continued paat 
this period, as some of the tumour volumes were considered too large (~ 2 cm 3 ). 
15 a For Group 2, the treatments consisted of a daily p. o. administration of ZD6474 alone at 
25mg/kg/adminstration for 21 consecutive days (day 0-20) combined wilh three i,v. 
injections of saline (the vehicle for CPT-1 1) on day 0, 7 and 14. ZD6474 was prepared as 
a suspension in 1% polysorbate 80 (i.e. a 1% (v/V) solution of polyoxy ethylene (20) 
sorbitan mono-oleate in ddomsed water). 
20 q Group 3 received three Lv. injections of CPT-1 1 at 20mg4g/hijection 1 on day 0, 7 and 14, 
combined with a daily p.o. administration of ZD6474 vehicle for 21 consecutive days (day 
0-20). 

a Group 4 received daily p.o. administration of ZD6474 at 25tt^g/adminstration for 21 
consecutive days (day 0 - 20) combined with three i.v. injections of 5-FU at 
25 20mg/kg/mjection, on day 0, 7 and 14. 

The admimstration volume of ZD6474 was 10.0ml/kg (200 ul for a 20 g mouse). The 
mjeotion volume of CFT-1 1 was 10.0 ml/kg (200 M l for a 20 g mouse). 
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Group 


Treatments 


Combined drag 
doses 

(nig 
base/kg/inj.) 


Adm. route 


No. 
Treatments 


No. 
Treatment 
/day 


Days- 
interval 
between 
treatment 
(Days) 


1 


Vehicles of 

ZD6474 
and CPT-1 1 


0.0 


. p.o. for 
ZD6474 
vehicle 

i.v. for saline 


14 p.o. 

2Lv. 


lp.o. 

li.v. 


1 for p.o. 
7 for i.v. 


2 


ZD6474 + saline 


25.0 


p.o. for 
ZD6474 
i.v. foT saline 


21 p.o. 
3iv. 


1 p.o. 

ii.v. 


1 for p.o. 
7 for i.v. 


3 


CPT-1 1+ZD6474 
vehicle 


20.0 


i.v. for CPT-1 1 
p.o. for 
ZD6474 
vehicle 


21 p.o. 
3i.v. 


1 p.o. 
li.v. 


1 for p.o. 
7fon,v. 


4 


ZD6474 + CPT-11 


25.0 for ZTW5474 
20.0 for CPT-11 


p.o. for 
ZD6474 
i.V. for CPT-1 1 


21 p.o. 
3 i,v. 


lp.o. 
liv. 


1 for p.o. 
7fori.v. 



Tumor volumes (mm 3 ) were assessed at least twice weekly "by bilateral Vernier caliper 
measurement and, taking length to be the longest diameter across the tumor and width the 
5 corresponding perpendicular, calculated rising the formula (rt/6) x (length x width) x square 
root of (length x width). Growth inhibition from the start of treatment was assessed by 
comparison of the differences in tumor volume between control and treated groups. For all 
nrioe, the study was stopped when tumours reached 2>000 mm 3 / For alL mice, the tumours 
were excised and weights recorded upon termination of the study. 
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The mean tumour volumes on day 20 for mice treated with ZD6474 (25mg/kg/day 
p.o., dO- 20), CPT-U (20 mg/kg i.v., d 0, 7 aad 14), or the combination hereof, were 
475mm 3 , 552mm 3 and 336mm 3 respectively. 
5 An analogous experiment may be used to look at the combination of ZD6474, 5-FU 

and CPT-1 1 in this animal model. 
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CLAIMS 

1. Use of ZD6474 Of apharmaceuiically acceptable salt thereof and one of: 
a) 5-FU; 
5 b) CPT-11; and 

c) 5-FU and CPT-11 

in the manufacture of a medicament for use in the production of an antiangiogenic and/or 
vascular permeability reducing effect in a warm-blooded animal such as a human. 



10 2. Use of ZD6474 or a pharmaceutically acceptable salt thereof and one of: 

a) 5-FU; 

b) CPT-11; and 

c) 5-FU and CPT-11 

in the manufacture of a medicament for use in the production of aa ant-cancer effect in a 
1 5 warm-blooded animal such as a human. 



3. Use of ZD6474 or a pharmaceutical^ acceptable salt thereof and one of: 

a) 5-FU; 

b) CPT-11; and 

20 c) 5-FU and CPT-11 

in the manufacture of a medicament for u3e m the production of an anti-tumour effect in a 
warm-blooded animal such as a human. 

4. Use of ZD6474 or a pharmaceutical^ acceptable salt thereof and 5-FU in the 
25 manufacture of a medicament for use in the production of an anti-cancer effect in a 

warm-blooded animal such as a human which is being treated with ionising radiation. 

5. Use of ZD6474 or a pharmaceutical^ acceptable salt thereof and CPT-11 in the 
manufacture of a medicament for use in the production of an anti-cancer effect in a 

30 warm-blooded animal such as a human which is being treated with ionising radiation. 
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6. Use of ZD6474 or apharmaceirtically acceptable salt thereof and 5-FU and CPT-1 1 
in the manufacture of a medicament for us© in the production of an anti-cancer effect in a 
warm-blooded animal such as a human which is being treated with ionising radiation. 

5 7. A pharmaceutical composition comprising ZD6474 or a pharmaceutical^ 

acceptable salt thereof, and 5-FUin association with aphaimaceutically acceptable exripient 
or earner. 

8. A pharmaceutical composition comprising 2D6474 or a pharmaceutLcally 

1 0 acceptable salt thereof, and CPT- 1 1 in association with a phannaceirtically acceptable 
exdpieint or carrier, 

9. A pharmaceutical composition comprising ZD6474 or a phsrmaseutieally 
acceptable salt thereof and 5-FU and CPT-1 1 ia association with a phannaceutically 

15 acceptable excipient or carrier, 
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